Aims Despite attempts to improve the management of patients with acute heart failure (HF), virtually all therapeutic agents investigated in large clinical trials failed to show any consistent reduction in mortality and morbidity. Complexity of the clinical syndrome of acute HF seems to be likely an underlying explanation. Traditionally, clinical trials studied mixed patient populations with acute HF, and only recently, better clinical characterization of patients has been proposed. Dyspnoea is the most common presenting symptom related to hospital admission for acute HF. Whether in patients with acute HF, the pattern of symptoms onset preceding hospital admission is associated with clinical characteristics, and the outcomes have not yet been established.
Introduction
In the recent years, the number of cases of acute heart failure (HF) is constantly growing, representing one of the most common causes of hospital admission, particularly in the elderly. [1] [2] [3] [4] [5] Regardless whether it initially appears as deterioration of chronic HF or acutely developing de novo HF, it is always related to poor outcomes. [6] [7] [8] Despite numerous attempts to improve the management of these patients, virtually all therapeutic agents investigated in large clinical trials failed to show any consistent reduction in mortality and morbidity. [9] [10] [11] [12] Complexity of the clinical syndrome of acute HF seems to be the most likely underlying explanation. Patients with acute HF represent a heterogeneous group comprising a spectrum of different clinical conditions with various pathophysiologies and different risk of subsequent complications, requiring an individualized therapeutic approach. 10 However, randomized clinical trials in acute HF seemed to largely neglect this well-recognized observation and typically studied mixed patient populations while implying a certain therapeutic regimen. 13 Only recently, better characterization of patients entering clinical trials has been proposed mainly using the evaluation of clinical profiles on admission. 1, 14 This, however, does not take into account a pattern of symptoms development preceding hospitalization. In clinical practice, some patients experience relatively fast deterioration, which typically results in a search for urgent medical care, whereas the others present gradual worsening (days-weeks) before hospital admission. Although intuitively one expects they are profoundly different, in clinical trials, they are grouped together, as they fulfil a standard definition of acute HF.
We therefore aimed to characterize these two groups of patients and assess their in-hospital and long-term outcomes. As shortness of breath is a cardinal, most common presenting symptom related to hospital admission for acute HF, 15, 16 in this study, we focused on the pattern of dyspnoea development preceding hospital admission to categorize study population.
Methods

Study population
Patients were enrolled between September 2010 and July 2012 after being hospitalized at the Centre for Heart Diseases, 4th Military Hospital, Wroclaw, Poland. 17 Inclusion criteria for this analysis were as follows: age ≥ 18 years; acute HF as the primary cause of hospitalization 18, 19 ; dyspnoea at rest as the major symptom reported by patient during admission to the hospital; and patients' written agreement to participate. Exclusion criteria included clinical diagnosis of concurrent acute coronary syndrome (ACS); cardiogenic shock; known severe pulmonary, liver disease or end stage of renal disease requiring or with planned renal replacement therapy, and known malignant disease affecting an outcome. All patients, prior to being included in the study, had to sign an agreement to participate in the study and to the processing of their personal data to the extent necessary to carry out the research project, and they had the possibility to withdraw their participation at any time during the study. Patients were treated in accordance with the recommendations of the European Society of Cardiology guidelines. 18, 19 The study protocol was approved by the local ethics committee and was conducted in accordance with the Declaration of Helsinki.
The presented study is a secondary analysis of a prospectively collected data set for a research study on clinical variables and multidimensional biomarker model for the assessment of risk stratification and to predict short-term and long-term prognosis in the population of patients with acute HF (the statutory grant no. ST-905 for Department of Heart Diseases, Wroclaw Medical University, Poland). Therefore, our study is retrospective and includes patients who reported dyspnoea at rest as the major symptom. Patients were subsequently divided into two groups according to the selfreported time of the onset of dyspnoea: acute (within 7 days preceding hospital admission) and subacute onset (more than 7 days). In our studied population, the median time of selfreported time of the onset of dyspnoea was 5 days (with lower and upper quartiles 2-10 days accordingly). We decided to subdivide the studied population into two groups according to the time frame of 7 days (1 week), based on the experience that many patients described the duration of their complaints as 'a few days', and usually, it causes difficulties to distinguish if it means, for example, 5 or 6 days. Because 1 week is commonly and culturally easily recognized time frame, we decided arbitrarily to divide patients according to this time period.
Study design and procedures
After inclusion into the study, information on demographics, clinical history, and co-morbidities was collected together with a complete physical examination. Venous blood samples were obtained from all recruited patients within the first 4 h after admission and subsequently after 24 and 48 h. The following laboratory parameters were assessed at baseline samples using standard methods in our laboratory: (i) haematology: haemoglobin (g/dL), haematocrit (%), leukocytes, and platelets; (ii) electrolytes: sodium (mEq/L) and potassium (mEq/L); (iii) renal and liver function tests: serum creatinine (mg/dL), urea (mg/ dL), and estimated glomerular filtration rate (mL/min/ 1.73 m 2 )
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; (iv) bilirubin (mg/dL), aspartate transaminase (IU/IL), and alanine transaminase (IU/L); (v) plasma Nterminal pro B-type natriuretic peptide (NT-proBNP, pg/mL) using an immunoenzymatic method (Siemens, Germany); (vi) C-reactive protein (mg/L) using an immunoturbidimetric method (Konelab 30, Finland); and (vii) acid-base balance in the capillary blood sample. High-sensitivity troponin I (hs-TnI) and endothelin-1 (ET-1) levels were assessed on a new diagnostic platform from Singulex, Inc. (Alameda, CA, USA) with the Erenna immunoassay system using a microparticle immunoassay and single-molecule counting in a capillary flow system. 17, 21 Echocardiography was performed at the discretion of the treating physician, in vast majority of patients in the first 48 h from the admission to the hospital.
Definitions
On physical examination, pulmonary congestion and peripheral oedema were graded using 4-point scale: none-mildmoderate-severe, where none means no rales heard, after clearing with cough anywhere in the lung fields or the complete absence of oedema, as determined by applying mild digital pressure in all dependent areas and failing to elicit any indentation of skin and subcutaneous tissues, respectively; mild rales heard in the lower 1/3 of either or both lung fields that persist after a cough in attempt to clear or detection of limited areas where mild digital pressure elicits an indentation of skin and subcutaneous tissues that resolves over approximately 10-15 s; moderate 1/3-2/3 rales heard throughout the lower half to 2/3 of either or both lung fields or detection of moderate surface area in one or both areas (sacrum and lower extremities) where indentations of skin and subcutaneous tissues are easily created with limited pressure and these indentations disappear slowly (15-30 s or more); and severe means >2/3 rales heard throughout both lung fields or large areas of lower extremities (and sacrum if subject has been recumbent), often to mid-calf or higher, having easily produced and slowly resolving (more than 30 s) indentations.
Dyspnoea was measured with the use of a self-reported 10-point Likert scale at the time of admission to the hospital, after 6, 24, and 48 h and at discharge, where 0 means 'lack of dyspnoea' and 10 points means 'dyspnoea of the worst severity/maximal dyspnoea'. Ten-point Likert scale was chosen, because it is easy to use in the clinical settings. Changes in dyspnoea were assessed as the differences in self-reported dyspnoea after 6, 24, and 48 h compared with the degree of dyspnoea present at the time of hospital admission. The marked/moderate dyspnoea relief was arbitrary defined as improvement of at least 5 points. 15, 22 The study had the following endpoints:
• in-hospital HF worsening-the presence of deterioration or lack of relevant improvement in clinical status during the first 48 h or in-hospital death. In our study, inhospital HF worsening was a subjective assessment by the treating physician when patient presented an exacerbation, a refractory, or unresponsive symptoms of HF despite applied hospital treatment and • cardiovascular death during the 365 day follow-up.
Patients (all survivors) were regularly seen by the study investigators in the outpatient HF clinics. Information regarding survival and HF hospitalizations was obtained directly from the patients or their families, the HF clinic database, or from the hospital system. All cases of death were carefully evaluated to establish most likely cause of death; however, there was no central board to adjudicate the causes of death. Information regarding the survival was obtained from the hospital computer system and/or confirmed directly by patients or their relatives during follow-up phone calls.
The length of follow-up of the survivors and patients in whom an event occurred after 1 year was censored at 365 days. No patient was lost to follow-up.
Results
Of 146 patients hospitalized with acute HF, 137 patients (94%) reported dyspnoea as major symptom and were included into this analysis. Baseline clinical characteristics and laboratory values of the study population are presented in Table 1 
Patterns of dyspnoea onset and baseline clinical characteristics and laboratory findings
Ninety-eight (72%) patients reported acute dyspnoea onset (within 7 days preceding hospital admission), whereas 39 (28%) reported subacute (more than 7 days) onset. Detailed comparisons of the clinical characteristics, laboratory findings, and therapies between these two groups are presented in Table 1 .
On admission, patients with an acute onset of dyspnoea presented with higher systolic and diastolic blood pressure had more often moderate-severe pulmonary congestion and less often ascites once compared with those with a subacute symptoms onset. There were no differences in the history of chronic HF, presence of co-morbidities, and left ventricular ejection fraction. Regarding laboratory findings, we have only detected higher serum bilirubin in patients with subacute onset, whereas remaining indices including serum NT-proBNP, creatinine, hs-TnI, ET-1 levels, and serum blood gases did not differ between groups. Patterns of dyspnoea onset in acute heart failure
Patterns of dyspnoea onset and in-hospital course
Patients with an acute onset:
a. received numerically lower total loop diuretic i.v. dose during the first 48 h (146 ± 99 vs. 182 ± 110 mg of i.v. furosemide or equivalent, P = 0.08) and required less often inotropic agents [7 (7%) vs. 8 (21%), P < 0.05]; there were no other differences in therapies applied during hospital stay ( Table 1) ; b. presented bigger reductions in systolic blood pressure and greater self-reported dyspnoea relief after 6, 24, and 48 h after admission, whereas there were no differences in weight change after 24 and 48 h ( Table 2 ); c. more often experienced a reduction in the serum levels of NT-proBNP and had bigger reduction in ET-1 serum levels after 48 h ( Table 3) ; and d. had higher peak hs-TnI level during the first 48 h of hospital stay; there were no significant difference in the change of hs-TnI between baseline and 48 h ( Table 3) .
Patterns of dyspnoea onset and outcomes
Patients with an acute onset of dyspnoea experienced less inhospital HF worsening (13% vs. 40%, P = 0.001). There were 39 (28%) deaths during 1-year follow-up, of which 36 (26%) were classified as cardiovascular: 20 (20%) vs. 16 (41%) patients with an acute vs. subacute dyspnoea onset, respectively (P = 0.01). Detailed causes of cardiovascular deaths were as follows: progression of HF [18 (18%) and 11 (28%), P = 0.2], sudden cardiac death [2 (2%) and 4 (10%), P = 0.03], and stroke [0 vs. 1 (3%), P = 0.1] in groups with acute and subacute dyspnoea onset, respectively. Four cardiovascular deaths occurred during index hospitalization [2 (2%) vs. 2 (5%), P = 0.4]. Another three deaths occurred in patients with acute onset of dyspnoea and were due to the course of neoplastic diseases. On the univariate analysis, subacute pattern of dyspnoea predicted cardiovascular mortality [HR (95% CI): 2.28 (1.18-4.41), P = 0.01] (Figure 1) . This association remained significant after adjusting for the other prognostic markers, which also significantly predicted cardiovascular mortality: systolic blood pressure, urea, and HF de novo [HR (95% CI): 2.32 (1.13-4.75), P = 0.02] ( Table 4 ).
Discussion
We found that in patients with acute HF, the pattern of dyspnoea onset preceding hospital admission is associated with differences in clinical characteristics, biomarker profile, response to standard treatment, and the long-term outcomes.
Currently, there is an ongoing debate concerning optimal endpoints in clinical trials in HF 23, 24 ; however, our study has shown that careful evaluation of clinical characterization of patients with acute HF, including a pattern of symptoms development preceding hospitalization, might also play a key role in adequate selection of patients with unfavourable outcome and in improvement of clinical trial efficacy in this group of patients. This information may be useful for planning clinical trials.
The recent analysis from intercontinental Global Research on Acute Conditions Team (GREAT) registry on patients with acute HF from Europe and Asia has shown that acute HF precipitated by ACS or by infection is associated with increased 90 day risk of death, whereas atrial fibrillation as a precipitant leads to lower 90 day all-cause mortality compared with acute HF without identified precipitants. 25 In our study, ACS was an exclusion criteria; there was no difference in the presence of atrial fibrillation/flutter and hypertension, and also, there were similar levels of inflammatory parameters (C-reactive protein and white blood cells) in studied groups; therefore, possible precipitants of worse or better outcomes in acute HF could not influence the results of our study. It is worth emphasizing that the clinical profile, the type of symptoms, their onset, and the triggering factors are important for long-term outcome.
We have subdivided patients according to self-reported time of the dyspnoea onset, and to the extent of our knowledge, it is the first paper looking for clinical characteristics and outcomes in patients with acute HF taking into account duration of symptoms occurrence before hospital admission. However, the concept of analysing different phenotypes of the patients with acute HF is well-known and results from the wide heterogeneity of patients with HF. Fifteen years ago, Nohria et al. proved that simple clinical assessment of patients with acute HF during admission to the hospital and classifying them into four profiles according to the presence/absence of congestion and/or hypoperfusion (dry-warm, wet-warm, wet-cold, and dry-cold) predicted outcomes and should be used to adjust optimal therapy.
14 This approach is now recommended to better characterize patients with acute HF. 1, 26 Recently, the European Society of Cardiology Heart Failure Long-Term Registry Investigators identified differences in outcomes among patients with acute HF stratified by clinical profile at admission (including acutely decompensated HF, cardiogenic shock, pulmonary oedema, HF in the setting of ACS, hypertensive HF, right HF, and classification based on the systolic blood pressure at initial presentation or even by geographical region. 27, 28 Dyspnoea is the most common symptom leading to hospital admission in patients with acute HF. There are numerous papers evaluating predictors and consequences of an early dyspnoea relief 16, [29] [30] [31] [32] [33] [34] [35] [36] ; however, to the best of our knowledge, this is the first study providing detailed analysis of the association between onset of dyspnoea before hospital admission and clinical status, laboratory findings, and prognosis.
Although an acute onset of dyspnoea intuitively seems to be more alarming and these patients appear to be most acutely ill, our study has shown that patients with longer deterioration in dyspnoea before hospital admission are at higher risk of poor response to standard therapy, inhospital HF worsening, and post-discharge cardiovascular mortality.
In our study, a more acute symptomatic deterioration (i.e. within 7 days preceding hospital admission) was associated with a distinct clinical pattern-elevated blood pressure and apparent pulmonary congestion (moderate-severe in one-third of these patients)-whereas peripheral congestion was less evident. It characterizes 'vascular type' of acute HF, where congestion is typically caused by a mismatch between increasing afterload and impaired left ventricle function with subsequent volume redistribution rather than fluid accumulation. Despite a greater severity of dyspnoea (both in a self-reported and physician-reported assessment) in this group, standard therapy was more efficient, as we observed moderate-marked symptomatic improvement in dyspnoea after 24 h in 60% and after 48 h in 80% of patients (vs. only 24% and 40% in those with subacute onset, respectively). Importantly, there were no significant differences in the treatment algorithms in both groups-including diuretics in all patients and vasodilators in around 40% of them. These data seem to link a pattern of symptoms onset with the efficacy of therapy, and this information may well be applied for clinical trial planning. Further to this end, we have seen similar findings regarding in-hospital HF worsening. This endpoint has only recently been considered in acute HF studies 9, 35, 37 as it comprises lack of clinical improvement (including in-hospital death) and typically manifests as either persistent or progressing congestion, which sometimes coincides with hypoperfusion, which require therapy escalation. It is been consistently shown as strong and independent predictor of poor postdischarge outcomes. [38] [39] [40] [41] [42] Importantly, patients with subacute dyspnoea onset experienced in-hospital HF worsening twice as often vs. those with an acute onset. We believe that it cannot simply be explained on the basis of more severe/advanced disease status. Previous studies identified age, comorbidity status, elevated baseline levels of natriuretic peptides, and undertreatment with neurohormonal blockers as potential predictors of in-hospital HF worsening. 43 As we did not see any significant differences in these factors between groups, one may expect that slow clinical symptomatic deterioration preceding hospital admission itself carries a substantial risk of poor in-hospital Patterns of dyspnoea onset in acute heart failure 21 clinical course. It shows again that distinction of a pattern of symptoms onset is mandatory for defining a proper endpoint in clinical trials. Interestingly, there were also distinct features of the biomarker changes characterizing study groups. Firstly, ET-1 levels decreased in patients with an acute onset whereas remained unchanged in those with a subacute onset, which provides indirect evidence of more pronounced, persisting endothelin-mediated vasoconstriction in the latter group with potential, resultant inadequate peripheral perfusion. In the recent analysis of the Double-Blind, Placebo-Controlled, Multicenter Acute Study of Clinical Effectiveness of Nesiritide in Subjects With Decompensated Heart Failure (ASCEND-HF), the authors reported that ET-1 is typically decreasing after stabilization with therapy, and persistently elevated ET-1 levels after 48-72 h were independently associated with increased in-hospital mortality and HF worsening as well as with 180 day mortality. 44 Secondly, in those with an acute onset, haemodynamic changes (as evidenced by reductions in systolic blood pressure) were accompanied by a trend towards bigger decrease in NT-proBNP levels, which seem to reflect more pronounced reduction in cardiac wall stress and decongestion achieved during the first 48 h of in-hospital stay. It occurred despite similar treatments (including i.v. diuretics and vasodilators) received by both groups. It can be expected that these favourable changes would be paralleled by changes in hs-TnI levels reflecting less myocardial damage in this group of patients. On the contrary, they demonstrated significantly higher peak hs-TnI levels and no difference in the median ratio of hs-TnI after 48 h vs. baseline levels. These findings seem to cast doubt on the theories linking an early reduction in cardiac wall stress achieved with vasodilating therapies with less myocardial necrosis and subsequent better outcomes. In fact, similar observations were reported in the Phase III, Multicenter, Randomized, Double-Blind, Placebo-Controlled Trial to Evaluate the Efficacy and Safety of Ularitide (Urodilatin) Intravenous Infusion in Patients Suffering From Acute Decompensated Heart Failure (TRUE-AHF), 9 where patients receiving ularitide presented better haemodynamic profile associated with less cardiac wall stress, which however did not translate in lower troponin levels.
Recent trials with vasoactive therapies 9, 11, 12, 37, 45, 46 typically used normal or elevated blood pressure as major entry criterion to characterize patients for whom novel therapies could be safely tested but more importantly to identify those who could potentially present better inhospital symptomatic relief and longer term outcome effects. Our findings show that this approach needs to be revisited. Taking as an example systolic blood pressure-116 mmHg as the inclusion criterion for TRUE-AHF trial 9 and ≥125 mmHg for a Multicenter, Randomized, Doubleblind, Placebo-controlled Phase III Study to Evaluate the Efficacy, Safety and Tolerability of Serelaxin When Added to Standard Therapy in Acute Heart Failure Patients (RE-LAX-AHF-2) 37 would result in 46% and 36% (respectively) of patients from the group with subacute onset of dyspnoea being candidates for the recruitment in these trials. It would end up with a heterogeneous combination of patients who respond differently for standard therapies and have different outcomes.
There are some limitations of our analysis, of which retrospective nature and relatively small number of patients seem to be most relevant, given the risk of type I error occurrence. We did not perform adjustment of statistical significance, due to an increase of the probability of type II error. However, in our registry, we obtained detailed information regarding pattern of symptoms preceding hospital admission, which can be reliably linked with detailed information regarding in-hospital course, changes in biomarker profile, and 1 year outcomes. Another limitation of our study was that the division of studied population was based on an arbitrary determined time frame of 7 days.
In summary, in patients with acute HF, duration of dyspnoea onset preceding hospital admission is associated with a distinct pattern of clinical characteristics, biomarker profile, in-hospital course, and long-term outcomes. Besides a routine clinical assessment, information on a pattern of dyspnoea may help physicians to identify higher risk patients. All this information seems relevant for planning clinical trials in acute HF.
Statistical analysis
The assumption of normality was assessed for all studied parameters using Kolmogorov-Smirnov test. Normally distributed continuous variables were presented as means ± standard deviations. The inter-group differences were tested using Student's t-test and the Mann-Whitney U-test. Variables with a skewed distribution were expressed as medians with lower and upper quartiles and were log transformed in order to normalize their distributions. The categorical variables were expressed as numbers and percentages with the 95% confidence intervals (CIs). The intergroup differences were tested using the χ 2 test. To establish the effect of patterns of dyspnoea on survival, we performed Cox proportional hazard regression models. Patterns of dyspnoea (and other clinical variables) were predictors (determining variables), whereas the endpoint was the cardiovascular mortality with the consideration that the Patterns of dyspnoea onset in acute heart failure 23 follow-up of patients who survived 365 days and longer was censored at 365 days. The associations between pattern of dyspnoea and survival were adjusted in multivariable models for subsequent variables, which appeared to be statistically significant predictors in univariable models. The number of analyzed determining variables in the multivariable models was limited by a low number of observations. Previously, examination of outliners and verification of correlation between variables were performed. The variables correlated were excluded from multivariable analysis. To estimate the effect of the dyspnoea pattern on 12-month mortality rates, Kaplan-Meier curves for cumulative survival were constructed. Differences in survival rates were tested with the Cox-Mantel log-rank test. Our study was a secondary analysis of a pre-set database; therefore, a sample size calculation could not be executed a priori. A value of P < 0.05 was considered as statistically significant. Alpha was not corrected for multiple comparisons. Statistical analyses were performed using the STATISTICA 12 data analysis software system (StatSoft, Inc.).
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